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Summary Setting:White-tailed deer represent the first wildlife reservoirofMycobacteriumbovis in the United States.The
behaviorof doeswithnursing fawnsprovides severalpotentialmechanisms fordisease transmission.Little informationexists
concerning transmission between doeand fawn, specifically transmammary transmission.
Objective:Determine if fawns can become infected by ingestion ofmilk replacer containingM. bovis, thus simulating transmis-
sion fromdoe to fawn through contaminatedmilk.
Design: Seventeen, 21-day-old white-tailed deer fawnswere inoculated orally with 2108 CFU (high dose, n= 5), 2.5105 to
2.5106 CFU (medium dose, n= 5), and1104 CFU (low dose, n= 5) of M. bovis inmilk replacer. Dosageswere divided equally
and fed dailyovera 5-dayperiod.Positive control fawns (n= 2) received1105 CFUofM. bovis instilled in the tonsillar
crypts.Fawnswere euthanizedandexamined 35--115 daysafter inoculationandvarious tissues collected for bacteriologic
andmicroscopic analysis.
Results: All fawns in the tonsillar, high oralandmediumoraldose groupsdevelopedgeneralized tuberculosis involving
numerous organs and tissues by 35--84 days after inoculation. Three of five fawns in the low-dose oral group had tuberculous
lesionsin themandibular lymphnode, andone of fivehad lesions in themedial retropharyngeal lymphnodewhenexamined
115 daysafter inoculation.
Conclusion: White-tailed deer fawns can become infected through oral exposure toM. bovis.Therefore, the potential exists for
fawns to acquireM. boviswhile nursing tuberculousdoes.&Publishedby Elsevier Science Ltd.
INTRODUCTION
In 1994 a free-ranging white-tailed deer (Odocoileus
virginianus) in Michigan was diagnosed with tuberculosis
due to Mycobacterium bovis.1 Subsequent surveys con-
ducted by the Michigan Department of Natural Resources
and Michigan State University Animal Health Diagnostic
Laboratory identified a focus of M. bovis infection in free-
ranging white-tailed deer in northeast Michigan.1,2 This
represents the first known wildlife reservoir of M. bovis in
the United States and the first known focus of tubercu-
losis in white-tailed deer in the world. Several factors are
thought to have contributed to the establishment and
persistence of M. bovis in this wildlife reservoir. These
factors include, the large number of cattle infected with
M. bovis in Michigan during the late 1950s,3 and a deer
population that has steadily grown beyond normal
habitat carrying capacity to focal concentrations of 19–
23 deer/km2.1 A contributing factor to deer overpopula-
tion has been long-term winter feeding to prevent
migration and decrease winter mortality in order to keep
deer numbers high for hunting purposes.1 Winter feeding
not only results in increased numbers of deer, but causes
prolonged crowding of deer around feeding sites with
increased opportunity for deer-to-deer contact and
enhanced transmission of tuberculosis.
Previously, it has been shown that deer housed in close
contact may directly and indirectly transmit M. bovis to
uninfected penmates;4 however, little is known concern-
ing doe to fawn transmission of tuberculosis. Between
doe and fawn, the possibility of in utero or transmam-
mary transmission exists in addition to transmission
through close contact. This study was conducted to
examine the susceptibility of white-tailed deer fawns to
Tuberculosis (2002) 82(4/5),161--165
& Published by Elsevier Science Ltd.
doi:10.1054/tube.2002.0334, available online at
http://www.idealibrary.comon
161
Correspondence to:Mitchell V.Palmer,DVM,PhD,Bacterial Diseases of
Livestock Research Unit,National Animal Disease Center, Agricultural
Research Service,USDA, 2300 Dayton Avenue, Ames, IA 50010,USA.
Tel.: +1-515-663-7474; fax: +1-515-663-7458;
e-mail: mpalmer@nadc.ars.usda.gov
M. bovis infection after consumption of milk replacer




White-tailed deer (n = 17; neonatal, male and female)
were removed from their dams 24–36 h after birth. Deer
were part of a research herd at the National Animal
Disease Center (NADC) in Ames, IA, USA. Fawns were fed
a milk replacer (Kid Milk Replacer, Purina Mills, St Louis,
MO, USA) for 21 days according to a standard white-tailed
deer fawn feeding regimen. Deer were housed according
to dosage group in facilities approved by the International
Association for the Assessment of Laboratory Animal
Care (IAALAC). A protocol detailing all procedures to be
conducted was approved by the Institutional Animal Care
and Use Committee at the NADC prior to the experiment.
Inoculation
At 21 days of age, fawns were moved to a biosecurity level
3 (BL-3) animal housing facility and randomly assigned to
one of four groups. The high-dose group (n = 5) received
4107 CFU M. bovis daily for 5 days. The medium-dose
group (n = 5) received 5104 to 5105 CFU of M. bovis
daily for 5 days and the low-dose group (n = 5) received
2103 CFU of M. bovis daily for 5 days. To insure
complete consumption of the inoculum, all deer received
the inoculum in 60 ml of milk replacer for 5 consecutive
days. Immediately after consuming the challenge inocu-
lum, fawns were fed the remainder of the milk replacer for
a single feeding (approximately 450–600 ml). Total doses,
therefore, were 2108, 2.5105 to 2.5106, and
1104 CFU for the high-, medium-, and low-dose groups,
respectively. Positive control fawns (n = 2) received
1105 CFU of M. bovis 1315 instilled in the tonsillar
crypts under anesthesia as previously described.5 M. bovis
strain 1315, originally isolated from a white-tailed deer in
Michigan was used for all inoculations.
Necropsyand sample collection
The original experimental protocol called for necropsy of
all groups 115 days after inoculation. However, 39 days
after inoculation, one fawn from the high-dose group was
euthanized by intravenous sodium pentobarbital, due to
advanced tuberculosis. The remaining four fawns from
the high-dose group were euthanized and examined 50
days after inoculation. For similar humane concerns, one
fawn from the medium-dose group was euthanized and
examined on each of days 35 and 60 after inoculation.
The remaining three fawns from the medium-dose group
and the two positive control fawns were euthanized and
examined 84 days after inoculation. Fawns from the low-
dose group were euthanized and examined 115 days after
inoculation.
At necropsy, the following tissues or fluids were
collected and processed for isolation of M. bovis as
described previously;5 palatine tonsil, lung, liver, man-
dibular, parotid, medial retropharyngeal, tracheobron-
chial, mediastinal, hepatic, and mesenteric lymph nodes,
feces, and swabs of the nasal and oral cavity. Isolates were
identified as M. bovis by colony and biochemical
characteristics as well as a DNA probe specific for
mycobacteria in the M. tuberculosis complex (AccuProbe;
Gen-Probe Inc., San Diego, CA, USA). Tissues collected for
microscopic analysis included all tissues collected for
bacteriologic examination, as well as other tissues with
gross lesions resembling tuberculosis, and were fixed by
immersion in 10% neutral buffered formalin, processed
by routine methods to paraffin wax and sectioned (5 mm).
Sections were stained with hematoxylin and eosin (H/E)
for microscopic examination. Adjacent sections were cut
from samples containing lesions suggestive of tubercu-
losis and stained by the Ziehl-Neelsen technique for
identification of acid-fast bacteria.6
RESULTS
Fawns dosed through intratonsilar inoculation of M. bovis
developed disseminated tuberculosis involving tonsils,
cranial, thoracic and mesenteric lymph nodes, lung, liver
and kidney. One fawn also had lesions in the spleen and
pancreas. Likewise, all fawns in the high- and medium-
dose groups developed disseminated tuberculosis with
granulomatous lesions in cranial, thoracic, and mesen-
teric lymph nodes and the lung, liver, kidney, spleen and
pancreas (Fig. 1); additionally, lesions were seen in both
Fig. 1 Smallandlarge intestines fromawhite-taileddeer fawnorally
inoculatedwith 2108 CFUM. bovis (high-dose group) and
euthanized 50dayslater.Note thechainofenlargedmesenteric lymph
nodes.
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the small and large intestine (Fig. 2). No gross or
microscopic lesions were seen in fawns receiving the
lowest dose of M. bovis (Table 1).
Microscopically, lesions in all tissues were characterized
by multifocal to coalescent granulomas composed of
accumulations of epithelioid macrophages, Langhan’s-
type multinucleated giant cells and lymphocytes sur-
rounding central cores of caseous necrosis (Fig. 3). Within
both the small and large intestine, there was marked
expansion of the mucosa and submucosa due to multi-
focal to coalescent caseonecrotic granulomas (Fig. 4).
Multifocally, there was erosion to ulceration of mucosa
overlying expansive submucosal granulomas.
Isolation of M. bovis from tissue samples correlated well
with the presence of lesions (Table 1). Additionally,
however, M. bovis was isolated from the mandibular and
medial retropharyngeal lymph nodes in three and one of
five fawns, respectively, in the low-dose group. M. bovis
was isolated from nasal swabs collected at necropsy from
four of five fawns in the high-dose group and one of five
fawns in each of the medium- and low-dose groups.
Isolation of M. bovis was also made from the oral swab of
one of five deer in the medium-dose group. Swabs of the
oral cavity from both intratonsilar inoculated fawns, as
well the nasal swab from one of the two fawns, contained
M. bovis.
DISCUSSION
The present study demonstrates that white-tailed deer
fawns can develop tuberculous lesions following inges-
tion of M. bovis; therefore, shedding of M. bovis from the
mammary gland of the dam could serve as an important
means of deer-to-deer transmission. However, tubercu-
lous lesions of the mammary gland of white-tailed deer
have been reported only rarely.2 Furthermore, the
magnitude of shedding of M. bovis in milk from naturally
infected white-tailed deer is not known. Extrapolation
from cattle studies suggests that large numbers of bacilli
may be present in milk from tuberculous cows. Although
excretion of bacilli is highly variable and often inter-
mittent, numbers of bacilli may exceed one million/ml.7
Moreover, it has been shown that excretion of M. bovis in
milk can occur in tuberculous cows in the absence of
mammary gland lesions.7 Therefore, the paucity of
mammary gland lesions in white-tailed deer examined
to date, does not preclude the possibility of excretion of
M. bovis through milk from tuberculous deer.
Table 1 Summaryof lesionsandbacteriologic culture results of white-tailed deer fawns fedvariousdosagesofM. bovis inmilk replacer.
Group
High dose Mediumdose Lowdose Intratonsillar
Tissue G M B G M B G M B G M B
Tonsil 0/5 4/5 5/5 3/5 3/5 3/5 0/5 0/5 0/5 2/2 2/2 1/2
Mandibular LN 1/5 5/5 4/5 3/5 3/5 3/5 0/5 0/5 3/5 2/2 2/2 2/2
Parotid LN 2/5 5/5 5/5 1/5 2/5 4/5 0/5 0/5 0/5 1/2 1/2 2/2
Med retropharyngeal LN 4/5 5/5 5/5 5/5 5/5 4/5 0/5 0/5 1/5 2/2 2/2 2/2
Tracheobronchial LN 5/5 5/5 5/5 5/5 5/5 3/5 0/5 0/5 0/5 2/2 2/2 1/2
Mediastinal LN 5/5 4/5 5/5 4/5 5/5 4/5 0/5 0/5 0/5 2/2 2/2 2/2
Lung 5/5 5/5 4/5 5/5 5/5 4/5 0/5 0/5 0/5 2/2 2/2 2/2
Liver 5/5 5/5 4/5 5/5 5/5 3/5 0/5 0/5 0/5 2/2 2/2 2/2
Hepatic LN 5/5 5/5 5/5 5/5 5/5 4/5 0/5 0/5 0/5 2/2 2/2 2/2
Mesenteric LN 5/5 5/5 5/5 5/5 5/5 4/5 0/5 0/5 0/5 2/2 2/2 2/2
Kidney* 5/5 4/5 4/5 3/5 0/5 0/5 2/2 1/2
Small intestine* 5/5 5/5 4/5 4/5 0/5 0/5 0/2 0/2
Large intestine* 5/5 5/5 4/5 4/5 0/5 0/5 0/2 0/2
Spleen* 3/5 3/5 3/5 4/5 0/5 0/5 0/2 1/2
Pancreas* 2/5 0/5 0/5 0/2 1/2
LN = lymphnode,G = gross lesion,M=microscopic lesion,B = isolation ofM. bovis. *Not collected fromall animals andnot processed for
bacteriologic isolation ofM. bovis.
Fig. 2 Section of ileum fromawhite-tailed deer fawnorally
inoculatedwith 2108 CFUM. bovis (high-dose group) and
euthanized 50 days later.Note the thickened corrugatedappearance
of themucosa andmultifocalulcerative lesions coveredbya
fibrinonecroticmembrane.
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Prior to the present study, the relative susceptibility
of white-tailed deer fawns to infection through the oral
route was unknown. It has been shown in guinea-pigs,
cattle and sheep that infection through the oral route
requires 16–18 million times more bacilli than infection
through the respiratory route.7 Oral inoculation of sheep
with 1.3107 bacilli failed to establish infection in
all animals.8 Likewise in humans ingesting milk from
M. bovis infected cows, greater that 103 bacilli/ml must
be present for infection to occur.9 Based on these
previous reports, the white-tailed deer fawns in the
present study were inoculated with dosages of M. bovis
similar to those used in other studies of oral inoculation.
Furthermore, the severity of the resulting disease in
fawns demonstrates the high susceptibility of this species
to infection with M. bovis. Finally, as fawns were housed
according to treatment group, the potential for fawn-to-
fawn transmission within groups cannot be excluded.
Transmission of M. bovis between experimentally infected
white-tailed deer in close contact has been reported
previously.4
The impact of oral inoculation on white-tailed deer
fawns in nature is unclear. Disease surveys thus far have
failed to detect significant tuberculosis in fawns. How-
ever, these surveys have relied on hunter-killed deer of
which young deer (o1 year age) are poorly repre-
sented.1,2 Reports of young white-tailed and red deer
(Cervus elaphus) fawns likely to have been infected during
the neonatal period are infrequent.10,11 One report
described M. bovis infection in elk (Cervus elaphus), moose
(Alces alces), and mule deer (Odocoileus hemionus) fawns,
the source of which was thought to be infected bovine
milk.12 A report cited by Clifton-Hadley (1991) suggests
that fawns may be more susceptible to infection and
acute disease than are adults.13 However, several other
reports document the increased prevalence of tubercu-
losis in older deer, rather than nursing or recently weaned
fawns.1,10,14,15
Milk has long been considered a primary means
of transmission of M. bovis from cattle to man. Never-
theless, it is estimated that only about 1% of tuberculous
cattle have mammary gland lesions.16,17 In spite of
this low prevalence of mammary gland lesions, offspring
from tuberculous ruminants are at increased risk of
contracting tuberculosis, presumably from consump-
tion of milk containing M. bovis.18,19 Lesions involving
the mesenteric lymph nodes are common in cattle
allowed to nurse from tuberculous udders or milk from
tuberculous cows, however; lesions of the alimentary
mucosa, as seen in the current study, are uncommon
in cattle.20 Likewise lesions involving the pancreas
are also uncommon in cattle.20 The development of such
lesions in the present study may be related to dosage
of inoculum, source of inoculum, or host species
differences.
White-tailed deer are the most numerous free-ranging
ruminant in North America. Tuberculosis in this popula-
tion represents a serious threat to the US livestock
industry as well as a potential public health concern.
Clearly, more insight is needed in understanding the
susceptibility of white-tailed deer fawns to M. bovis as
well as excretion of M. bovis in milk from tuberculous
white-tailed deer. Understanding the mechanisms of
transmission will provide useful information in the
development of strategies to control or eradicate this
important animal and zoonotic disease.
Fig. 3 Photomicrographofa sectionof lung fromawhite-taileddeer
fawnorally inoculatedwith 2108 CFUM. bovis (high-dose group)
andeuthanized 50 dayslater.Note the coalescent granulomas
composed of epitheliodmacrophages, multinucleatedgiant cells and
lymphocytes surroundinga caseonecrotic core.H/E.Bar=88 mm.
Fig. 4 Photomicrograph ofa section of ileum fromawhite-tailed
deer fawnorally inoculatedwith 2108 CFUM. bovis (high-dose
group) andeuthanized 50 days later.Note themarked expansionof
the submucosa bymultifocal caseonecrotic granulomas.
H/E.Bar = 140 mm.
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